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Abstract:  Modelling air flow through vegetation is important in many areas of horticulture both for air quality 
monitoring and for calculating spray drift from agrichemical spraying operations. Modelling vegetation in 
computational fluid dynamics (CFD) has traditionally been carried out using the porous media properties of the 
leaves and branches. This entails an extra sink term in the momentum equations for the drag force of the leaves 
and branches; an extra source term for the turbulent kinetic energy generated by the vegetation; and the 
corresponding sink term for the turbulent dissipation. 
More complex models have been developed by Katholic University Leuven that have branching included into 
the CFD model with the leaves, small branches and petioles modelled using the porous media approach. 
The kiwifruit vine model developed here took this one step further to include details of the leaves but omitted the 
smaller branches and petioles, due to their small scales/sizes. The leaves were generated from the output of a 
model of a kiwifruit vine developed using the L-system-based plant modelling platform, L-studio. The output 
was converted into a suitable format for CFD using a conversion program, C4W. 
The leaf model developed did not include the leaf edges in the mesh as this would have created cells that were 
too small to run the model. The ANSYS workbench can include thin-surfaces in the model domain but it was 
impractical to handle that many leaves. The model was developed using the standard meshing in CFX version 
12.1 to create a leaf with no edge. This was done by giving the leaf its normal width of about 200 µm and 
specifying a minimum cell size of 4.5 mm. 
The resultant leaf had a surface on either side, with about 35 faces each side to simulate the curved surface of the 
leaf. The present model was adequate only up to 200 leaves due to the large number of leaf surface boundaries 
that the CFD model cannot handle at present. Methods to reduce this are currently being investigated. 
The resultant CFD model was developed so it did not need sink/source terms for the vegetation and gave the 
main properties of the kiwifruit vine including the drag from the branches and leaves, as shown by the velocity 
field in Figure 1. This allows detailed modelling of droplet deposition on to the leaf, consideration of turbulence 
intensity and the inclusion of a droplet retention/deposition model. The problem of the change in drag created by 
movements or leaf fluttering is to be the subject of future research. The model will be validated using turbulence 
and wind data from a series of sonic anemometers sited within and above the plant canopy. 
 
Figure 1: Velocity on a plane along one branch with leaves on a kiwifruit vine. 
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1. INTRODUCTION 
Agrichemical spraying of orchards accounts for 41% of the total use of pesticides in New Zealand (Manktelow et 
al., 2005) with the largest use on kiwifruit (if the spraying of mineral oils on apples is omitted). The pesticide 
loading of kiwifruit spraying is also the highest, at 24 kg of active ingredient per hectare per year, so research on 
the drift from kiwifruit spraying is a high priority for New Zealand.  
A CFD model for kiwifruit spraying is, therefore, being developed. This involves a new approach to canopy 
modelling that includes the actual leaves in the model instead of the usual porous media. The use of the actual 
leaves in the model will enable more detailed modelling of the droplet paths onto the leaves, taking into 
consideration the importance of local turbulence intensity (Cole and Corrigan, 2009) and better droplet retention 
modelling, e.g. examining the effect of the droplet impact angle (Forster, 2010) 
One of the objectives of this research programmes is the use of a fast end user model for orchard spraying. A 
very fast, good end user model is AGDISP (Bilanin et al., 1989) which can run in less than one minute for most 
cases of aerial spraying of forests, for which it has been built. AGDISP also has ground spraying model, (Teske 
et al., 2009) which needs more development, but does not have an orchard model.  
The aim is to develop an orchard model for AGDISP using the results from field experiments, wind tunnel 
experiments and a computational fluid dynamics (CFD) model. The rationale for this approach is that field 
experiments can only be undertaken done for a few sets of weather conditions unless there is unlimited 
expenditure and time. To simulate the complete range of weather conditions not able to be obtained in the field 
requires the use of CFD. This means that the CFD model needs to be well calibrated so is can be used for many 
quasi-field experiments to cover the complete range of field experiments.  
AGDISP also needs to include a good description of the turbulent velocity field. The current model uses a very 
simple but powerful description using friction velocity over open ground, or above, a plant canopy. This is the 
same model that is used for inputting turbulent kinetic energy for boundary conditions in the RANS (Reynolds-
averaged Navier-Stokes) CFD models (Blocken et al., 2007).  
The CFD model will calculate the turbulent velocity field within the canopy, which can then be modelled for 
AGDISP. The turbulence velocity field of the CFD model will then be validated by sonic anemometer data 
collected over a range of weather conditions and at positions within and around the plant canopy. Modelling of 
vegetation in CFD has been carried out using the porous media properties of the leaves and branches, 
(Maerschalck et al., 2010). This required an extra sink term in the momentum equations for the drag force of the 
leaves and branches; an extra source term for the generation of the turbulent kinetic energy by the vegetation; 
and the corresponding sink term for the dissipation of this turbulence by the viscosity of the air which through 
the turbulence cascade process turns the turbulent kinetic energy into heat.  
A more complex CFD model has been developed by (Endalew, 2009) that incorporated the main branches into 
the CFD model using the porous media approach to model the leaves, small branches and petioles. 
The current model of the 
kiwifruit vine has taken this one 
step further to include details of 
the leaves using a plant growth 
model but omitting the smaller 
branches and petioles, due to 
their very small size. Including 
leaves in the CFD model means it 
will not need extra terms for the 
leaves drag force. 
2. CONSTRUCTION OF 
THE KIWIFRUIT 
VINEPLANT CANOPY 
WITH LEAVES 
2.1. The kiwifruit vine 
The kiwifruit vine has an unusual 
plant canopy with a very large 
understory and a thin canopy over 
the top. The plant is grown on 
 
Figure 2. The kiwifruit vine understory and canopy (photo C. Lipscombe). 
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support structures that are generally 1.8 m in height with the plants attached to wires that are tied between the 
posts of the structure. A view of the understory and vine is shown in Figure 2. 
The plant has a trunk, off which two leaders are trained parallel to the ground. Canes come from these leaders, 
which are generally trained at right angles to the leaders parallel to the ground, as shown in Figure 3. Stems grow 
upwards off these canes with the leaves connected by a small branch, called a petiole, as shown in Figure 4. 
2.2. Vine model with leaves 
To obtain a better model of the turbulent velocity field, a detailed model of the plant and its structure, including 
the leaves, needed to be imported into the CFD model. The detail required was taken from a plant growth model. 
For the kiwifruit vine the detailed model was from an L-systems based model called L-studio (The virtual 
Laboratory, 2011). A model of a kiwifruit vine was previously developed at the University of Queensland, 
(Cieslak et al., 2009) and the L-studio model of this structure is shown in Figure 4. 
The kiwifruit vine model 
export file from L-studio 
(.obj format) was converted 
to .stp format using C4W 
(C4W, 2011).  
There were, however, issues 
with the L-studio model in 
the ANSYS platform, as each 
branch was hollow, open 
ended and divided into 
different parts. This approach 
dictated that the branches and 
trunk needed to be 
constructed using their centre 
lines. The resulting plant 
model was converted to the 
CFD format, using a routine 
developed by (Endalew 
2009), to ensure that the 
plant model could be 
exported into CFX (ANSYS, 
2011). Further work has 
shown that a better L-studio 
model could be converted by 
C4W straight into CFX 
designmodeler. This would 
entail using generalised 
cylinders for the trunk and 
branches and placing caps on 
the end of the cylinders to 
close them (Mĕch et al., 
2010) so they can then be 
turned into solids using 
C4W. 
The wooden posts that 
supported the canopy were 
added to the model but the 
wiring holding the plant was 
not. This was because 
including the wiring would make the mesh too small for the CFD model to run in a realistic time. It was decided 
to model two vines as this would allow for interactions with the post in between the vines, as shown in Figure 3.  
2.3. Leaf edge issue 
The problem with the development of a model that included the leaf edges in the mesh is that it would create 
cells that were too small, resulting in too many cells and too small a time step for the solution to run within a 
 
Figure 3. Model of the kiwifruit vines (no leaves) in designmodeler. 
 
Figure 4. The L-studio model of the kiwifruit vines showing a small amount 
of leaf growth. 
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realistic time frame. There are about 1,000 leaves on the L-studio model of the kiwifruit vine but each has only a 
small amount of growth, as shown in Figure 4. 
The ANSYS workbench can include thin-surfaces in the model domain but it was impractical to handle the more 
than 1,000 such surfaces the leaves would require. The model was developed using standard meshing in the 
ANSYS CFX platform creating a leaf 
with no edges. This was undertaken by 
giving the leaf its normal width of about 
200 µm and specifying a minimum cell 
size of 4.5 mm.  The resultant leaf had a 
surface on either side, with about 35 
faces on each side to simulate the curved 
surface of the leaf.  
This method was also carried out using 
ICEM meshing in the ANSYS suite of 
programs but with a larger (500 micron) 
width of leaf.  
Figure 5 shows a cross-section through 
the leaves and the mesh and shows how 
the leaf width is much smaller than the 
mesh size. Figure 6 shows the set of 
leaves that occur with a small amount of 
growth from the cane. 
As the branches and canes did not 
exactly line up with the L-studio model 
(due to the different method used to 
build them) a set of leaves, as shown in 
Figure 6, was copied and placed over the 
canes at the correct points.  
The present model could only have 186 
leaves due to the large numbers of 
boundaries from the leaf surfaces that the 
CFD model cannot handle at present. 
This meant that only one plant could be 
modelled that contained leaves for four 
branches. The model takes several 
minutes just to load 186 leaves. Methods 
to reduce this time are currently being 
investigated. 
The model of the vine with leaves, 
constructed with the workbench mesher 
contained about 3.5 million cells. This 
was well over that using ICEM meshing, 
which had as many cells for the two vine 
model (the leaves added about 20% to 
the number of cells for the vine with no 
leaves).  
3. COMPUTATIONAL SETUP 
3.1. Domain size 
The domain model size was 6 m high (just over three times the height of the canopy) and 6 m wide and 3.3 m 
deep (in the direction of wind flow). The domain was kept to this size based on previous modelling experience 
and was a suitable unit size within the kiwifruit vine field, which consisted of hundreds of such vines. Spray drift 
downwind could easily be modelled using this unit by inputting the downwind boundary results into the upwind 
boundary of the next downwind unit and so on. 
 
Figure 5. A cross-section through the leaf and mesh showing the 
thickness of the leaves within the mesh. 
 
Figure 6. A typical set of leaves from a small branch arising from 
the leaders. Note that the small branches that lead from the canes 
and leaf petioles are not present.  
Connell et al., CFD Modelling of Kiwifruit Vines and Leaves: A method of handling multiple thin surfaces
526
3.2. Numerical Scheme and Boundary conditions 
The model was run on CFX using the shear stress transport (SST) scheme, a Reynolds Averaged Navier-Stokes 
(RANS) type model, as this scheme handles flow separation well. This model uses the k-ε model for the outer 
region of the boundary layer and the k-ω model for the inner boundary layer (Davidson, 2011; Menter, 1994).  
To ensure that the energy of the wind was not lost due to the resistance provided by the trees and ground, the 
boundary condition at the top of the model was changed to a wind velocity equal to the log law value at 6 m 
above the canopy; this velocity would be quite close to the expected value. (This will be subsequently reviewed 
due to the 2 m height of the kiwifruit vine canopy). This energy is needed on the top boundary, as the whole of 
the boundary layer, which is 1 to 2 km in height, is driven by the regional atmospheric conditions, e.g. a high or 
low pressure system from a local sea breeze, which provided the overall energy for the wind flow in the orchard. 
The standard k-ε values for turbulent kinetic energy (TKE) and turbulent dissipation (TD) were also added to 
both the inflow boundary condition and the top boundary. These values were not be exactly correct for the SST 
model on the inlet boundary near the ground, where it was assumed to be grass with a sand roughness of 0.01 m. 
However, the next step, as discussed below, is to model just one branch and leaves, where the SST model will 
calculate the TKE and TD, which will then be calibrated with field data will overcome this problem.  
The model also used symmetrical boundary conditions on the side boundaries. As the wooden posts were close 
to the side boundaries, and would be reflected in the boundary, the model could be improved by shifting the 
boundary to the mid-point of the wooden posts.  Since this was not done there will be small effects from having 
too many posts if the model is seen as part of the complete kiwifruit vine field.  
4. RESULTS 
The results of the 
simulation are shown in 
Figure 1 and Figures 7 to 
10. The figures show the 
effect of the leaves 
reducing the velocity.  
Examination of the TKE 
plot (Figure 9) shows that 
it reduces in the lee of the 
leaves and drops off 
downwind along the 
branch. This has been 
observed previously in 
canopies (Walklate, 
1993). 
The effects from the stem 
and petioles not included 
as it is thought that their 
effect will not be greatly 
significant but this effect 
will be assessed by further 
detailed modelling of a 
group of leaves, as shown 
in Figure 5. 
The y+ values varied from 
10 to 60 on the leaves and 
were over 200 on the stem 
and wooden posts. The 
SST scheme can handle 
this range of y+ values, as 
it has a blending function 
which gradually changes 
the wall function from a 
standard k-ε function to 
the low Re near wall 
 
Figure 7. Full view of a velocity on a plane though a branch with leaves. See 
Figure 1 for velocity detail. 
 
Figure 8. Detailed view of a turbulence intensity on a plane though a branch with 
leaves 
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formulation when y+ 
changes from 30 to 2. 
5. CALIBRATION 
A great deal of further 
work is required to 
calibrate the model. 
This will initially be 
carried out using the 
velocity and 
turbulence parameters, 
turbulence kinetic 
energy (and/or 
turbulence intensity) 
and turbulence 
dissipation and 
generation. Other factors, such as the longitudinal turbulence length and turbulence structures, will also be 
investigated. This will ascertain the ability of the RANS model used and also assess the value of Large Eddy 
Simulation (LES) or Detached Eddy Simulation (DES).  
To calibrate the model field data will be acquired from sonic anemometers to obtain a description of the velocity 
and turbulence fields throughout the model domain. Several sets of data for a two week period will be obtained 
using three anemometers set above and within the canopy. The turbulence characteristics of the kiwifruit canopy 
will be unusual due to its large understory and thin canopy. Reported canopy turbulence intensities are between 
0.4 and 1.6, (Wilson et al., 1977) (Cescatti et al., 2004) and (Green et al., 1995). In the last reference, it was 
reported that the canopy turbulence was dominated by large scale intermittent events.  
Some work has been done to assess the turbulence properties of the SST scheme using an open field where it 
would be expected that the turbulence intensity would be close to that predicted by standard atmospheric 
turbulence parameters. Near the ground the turbulence intensity σu ≈ 2.5u*, σu ≈ 2.2u*, σz ≈ 1.37u*where u* is the 
friction velocity which means, using the standard log law profile, the turbulence intensity, I u, becomes,  
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Using a ground roughness of 0.01 m, this formula gave turbulence intensities of 16% at 2 m, 13% at 5 m and 
12% at 10 m. At 100 m it drops to 9%. The open field model using the SST scheme gave turbulence intensities 
of 12% at 2 m, 10% at 5 m, 9% at 10 m and 7% at 100 m. These are below the standard values and further 
investigation is necessary, by calibrating the model using sonic anemometer data, to obtain the correct intensities 
otherwise the spray drift predicted by the model will be incorrect as the turbulence intensity is one of the main 
factors affecting spray drift. The upward motion part of the turbulence intensity carries some particles upwards, 
where the air turbulence, using the same process, carries some of those particles higher still. 
The drag of the branches within a canopy varies with turbulence intensity, (Ko et al., 1972; Bache, 1986). This 
also needs investigation before a good model of the kiwifruit vine is available.  
With the difficulty in inserting large numbers of leaves, it has been concluded that a single branch should be 
modelled. This will be ideal to model and will form a good basis for a field trial to calibrate the turbulence 
intensity within the branch together with a droplet retention model; the latter is also being developed as part of 
the research programme to assess the effect of the angle of approach on droplet retention.  
6. CONCLUSIONS 
A CFD model using ANSYS – CFX has been developed using the plant growth model L-studio with the 
conversion program C4W. There were weaknesses in the L-studio model that can be overcome with a better 
model that would enable C4W to do a conversion so it could be loaded straight into the designmodeler of CFX.  
Field data from sonic anemometers is required to validate the model using the velocities and turbulence 
properties of the air flow through, and around, the canopy. A model of a single branch with leaves will enable 
detailed modelling and assessment of the canopy turbulence and also undertake detailed modelling and 
calibration of the pesticide deposition on the branch. 
 
Figure 9. Detail view of a turbulence kinetic energy on a plane though a branch 
with leaves 
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The long term goal of the CFD model is to use it to undertake further quasi-field trials for the development of a 
fast end-user model for spray managers, which in this case will be on the AGDISP platform. To enable the CFD 
model to do quasi-field trials a very good calibration over a range of field conditions is necessary that has an 
emphasis on the velocity and turbulence parameters of the wind flow. 
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